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Abstract : Using surface data, an important parameter (0w-0f) related with thunderstorm 
development (TS), has been computed for the pre-monsoon months (March to May) fiom 1983 
to 1992 over 19 stations of Bangladesh. Then the contour maps of average number of TS days 
and average value of (0^-0,) have been constructed. From the contour maps, it is observed that 
TS nccuirence in different regions of Bangladesh are related to surface {Qes- 0 e) The TS 
occurrence at Dhaka have been classified in 8 groups depending on the value of the surface 
conveigcnce/divergencc and the nature of the TS (viz . TS with rain, TS without ram etc ) 
For each group, 90% confidence interval has been constructed for 9 hour mean (0^-0,) 
It is observed thai the relations, 17 60 £ mean (0f.s-0,,) < 20 52 K and 28.04 < mean (0^-0*,) < 
31.54 K hold for TS and non-TS days respectively In case of instantaneous developments, 
the corresponding range is 4 05 < mean (0tM-0*,) £ 28.46 K The scatter diagrams between the 
(0fJS-0^) and the number of TS occurrences at Dhaka show that TS with ram and insigmficunl 
surface convergence has linear but negative correlation with surface (0C.V-0I.), Hnwevei, linear 
correlation does not exist for all other cases
Keywords : Equivalent potential temperature, satuiated equivalent potential temperature, 
confidence interval
PACS No. : 92 60 Qx
1. Introduction
It is known that the tropics arc lands of atmospheric convection aclivities. As Bangladesh is 
a country hounded by high seas in Ihe south and crossed hy large number of rivers and 
water channels, deep moist convection is expected to be very active here. A common 
atmospheric phenomenon associated with this form of convection is the development of 
ihurderstorms (TS).
In a previous work [1], various climatological aspects of TS occurrence over entire 
Bangladesh were presented and the general synoptic conditions prevailing over the pre-
feimuucnt address : Department of Physics, Jahangimagar University, 
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monsoon months were also discussed. In the present work, Dhaka has been selected for the 
study of pre-monsoon thunderstorms. The entire study is based only on 3-hourly surface 
meteorological data (which includes dry bulb temperature, dew point temperature, pressure, 
wind speed and direction). In fact, two important parameters, the surface moisture and the 
surface convergence/divergence are easily derived from the surface data. Presentations are 
being made here about the role being played by these two parameters in the development of 
TS. However, many other factors like the upper air thermodynamic features, the magnitude 
of convective inhibition energy (CINE) and convective available potential energy 
(CAPE) [2], the amount of shear and moisture advection are expected to influence the 
development of TS. These are however not being considered here and being termed as 
hidden factors in the present work.
Inspite of the fact that, very limited role is expected to be played by these two 
parameters viz ., surface (0w-0,) and surface convergence/divergcnce, some useful 
conclusions may still be drawn even from the study of these two surface parameters alone. 
Here, 0es and 6e denote the saturated equivalent potential temperature and equivalent 
potential temperature respectively and they are expressed in kelvin. In fact, the difference of 
and 9e is a measure of unsaturation in the atmosphere [3]. \
2. Analysis
In the present study the following analyses have been done :
2.1. Construction of contour maps of TS days and surface mean values o f (0cs-0e) over 
Bangladesh .
Using the surface parameter (0e^ e t,) and TS days, representative contour maps arc 
presented (over Bangladesh). Figures 1 and 2 represent the contour m^ps for mean surface
Figure 1. Contour map of over Bangladesh
in th£ pre-moonsoon season. The unit of isopleth is 
the kelvin.
Figure 2. Contour map of TS days over Bangladesh 
in the pre-moonson season. The unit of isopleth is 
the number.
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values of (Be r 9e) and number of TS days respectively for all the three months March 
through May over the period of study viz., 1983-1992.
From Figure l, it is evident that mean has a high value in the north-western 
sector of the country and it has a decreasing trend towards south-eastern sector. This shows 
a high availability of moisture in south-eastern sector. On the other hand, from Figure 2, TS 
frequency is unusually high in north-eastern sector and (9er-9e) is also low. Apparently, 
besides large moisture availability, other factors responsible for TS development, are also 
active here. One important factor is certainly the orography. This sector is bound by the 
Meghalaya Hills of India. Again, in southern region, the frequency is much less though 
(des-0e) is also low. Apparently it shows that the role played by the other factors responsible 
for the development is not very clear here.
However in the north-eastern and middle region of Bangladesh, the rule that 
whenever {6erGe) is small, number of TS days also high, is satisfied in general. This clearly 
shows that the availability of moisture controls the TS development to a great extent in
these sectors.
2.2. Numerical computation of surface divergence/convergence for 3 station data :
In this analysis, the i-th station co-ordinates and the corresponding horizontal wind 
components are denoted by ( jc„  yt) and (u„ v,) respectively. In the triangular network, the 
three stations which are situated at the vertices of the triangle are respectively Mymensingh 
(MYMS) (*,,>>,), Faridpur (FDP) (x2,y 2) and Comilla (CML) (r3, y3), and Dhaka (DCA) 
U0, y0) is incidentally situated at the centroid of the triangle. Using linear interpolation, 
wind field can be written as
u = Uq + ax + by, (1)
v = v0 + cx + dy, (2)
where u0, v0 depend on arbitrary location of the origin. But, if the centroid of the triangle is 
chosen as the origin, then u, v are simply mean wind [4]. So, DCA has been chosen as the 
origin of the triangular network. Solving the eqs. 1 and 2, one can write [4] divergence,
5 = a  +d
“2-«i ya-Ji Xl~*l V2-V,
“j - « i yj-yi d — *3-*l
24(0) 24(0;
and A(0), is the area of the triangle.
According to Davies-Jones [4], the error variance of the divergence is given by 
fjj = 772(P 2 + q2 + r 2) / 4A2, where p, q, r are the sides of the triangle and tj is the r.m.s. 
observation error which has been assumed to be the same for each wind component and for 
each station. The errors are independent and unbiased and A is the area of the triangular 
network. The error is minimum when the triangle is equilateral. For rj> 1, the method fails.
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The present work is confined to the surface data only, since there is no radiosonde 
station at MYMS, FDP or CML. Besides, attention is being given to the moisture field and 
convergence/divergence only. It should be remembered that the moisture support at the 
surface is one of the necessary criteria for the development of thunderstorm [5],
2.3. Construction o f  confidence interval:
During the analysis, the parameter (0es-0 e) is found to differ sharply for TS days and non- 
TS days and also for TS with rain and TS without rain. To bring out the results more vividly 
a statistical estimate of mean (6^-0,) is presented for the whole population of data.
The 90% confidence intervals (C.I.) have been constructed with the help of the 
following theorem [6] :
If a random sample of size n is selected from a population with unknown mean 
and unknown standard deviation (s.d.), and the mean and s.d. of the sample are jc and 
respectively, then j
ig v
x - t .  (l + c ) /2 ^ j~ < ^ x < x + tn_l \ (l + c ) /2 -^ -
is called a 100c per cent C.I. for fix. Here t is the student-! probability function and c is the 
degree of confidence. In the present study c = 0.90.
It can also be shown that a 100c per cent C.I. for the population variance o 2 is given
by [6]
(m-1 ) s? 2 ( n - l ) i?
*2- , :  0  + c)/2 < < x l i l  0 ~ c ) l 2 ‘
The 90% confidence intervals for the mean and variance of (0^-0e) for different situations 
are given in Table 1. It is to be noted that no confidence interval had been constructed lor
Table 1. 90% confidence intervals for the parameters for different situations. The subscript used 
in this table have the following meanings : T for all TS days, N for non-TS days, TRG foi IS 
with rain and convergence, TWC for TS without rain and convergence, TIC for TS with rain and 
insignificant convergence, OlC for TS without rain and insignificant convergence, DD loi TS 
with lain and downdraft.
Category Nature of days/ 
nature of TS
Number of 
cases
Confidence interval 
for u  and o2
(i) TS days 124 17.60 5 <*r 5  20 52
(9 hourly data) 79.07 5 < 4 $  120.56
(ii) NTS days 
(9 hourly data)
128 28.04 5 5 31.54 
117.07 5 ( ^ 5  177.42
(iii) TS with rain and 
surface convergence 
from instantaneous
31 O8.55 5 ^ TRCS I4  06 
56.00 5 <4rc 5 112 ,8
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Category Nature of days/ 
nature of TS
Number of 
cases
Confidence interval 
for n  and o2 *
(iv) TS without rain and 
surface convergence 
from instantaneous 
data
22 ■15.91 24.21 
82.48 £ <^wc S 232.49
(v) TS with rain and 
insignificant 
surface convergence 
from instantaneous 
data
28 04.87 £ /ij |C £ 08.50 
21.43 S i ^ - S  53.22
(vi) TS without rain and 
insignificant surface 
convergence from 
instantaneous data
17 18.78 £ /Jqic  ^28.46 
18.24 £ 0^ |CS 60.28
(vii) TS with rain and 
downdraft
26 04.05 S MdD S 07.51 
17.98 s 4 DS 45.61
(vin) TS without rain and 
downdraft
6 Actual mean = 25.41
ihc category (viii) due to very small sample size. From Table 1 the following conclusions 
can be made :
Ai 90% situations the true value of the mean surface (9es-9t) is between 17.60 and 
20.52 for TS days and it is between 28.04 and 31.54 for non-TS days. For instantaneous 
TSs the same parameter is between 4.05 and 28.46 irrespective of the nature of TS.
2 4. Anomalies :
Insignificant surface convergence means that the surfacee convergence has a magnitude of
less then lO'5 per second.
Moisture plays a dominant role (at DCA) for the occurrence of TS with rain and 
insignificant surface convergence as well as TS with rain and divergence. One more point 
to he mentioned here is that TS with rain or without rain but with surface divergence which 
has been observed here, is being termed as downdraft with rain or dry downdraft 
respectively. The reason behind such terminology would be clear from the following 
discussion.
The original triangular region can be subdivided into three subtriangular regions, one 
of which has MYMS, DCA and FDP as vertices, the other one has FDP. DCA and CML as 
vertices and the last one has CML. DCA and MYMS as vertices which are represented as 
CA, CB and CC respectively (Table 2). The convergence/divergence has been computed at
centroids of these subregions.
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It is interesting to note that whenever there was divergence at Dhaka when 
occurrence of TS had been noted there, TS occurred nearly simultaneously at any one of the 
neighbouring stations, i.e. at MYMS/FDP/CML. Only in 6 cases out of 30, no simultaneous 
development of TS had been noted at any one of the neighbouring stations, but on those 
days the surface convergence took place at least at one of the three centroids of the 
subregions, which may be considered as the source of development of TS that had affected 
Dhaka. The result is shown in Table 2. The category (vii) in Table 1 supports the Physics 
because the air should be moist enough during downdraft.
2.5. Statistical inference:
ANOVA-TEST is applied to establish zero correlation between the dynamical variable 
surface convergence and the thermodynamic variable surface (0M-0r). The result is shown 
in Table 3. The Scatter diagrams have been drawn for the category (ii'i), (iv), (v), (vi) and 
(vii) for which 90% C.I. have been constructed between surface (0„-0r) and number of TS.
Table 3. ANOVA-TEST for establishing the uncorrelated nature between surface 
convergence/divergence and (0es-6 t ). \
Source Degrees of Sum of Mean square
--------- 1------------
F
freedom square (S.S) (M.S) obs tabulated
Between
clusscs
K - 1 =7 S S.B 
= 266.01
M SB
= S.S B/K - 1 
= 38.00
M SB  
MS W
= 05
5% 1% 
2-27 3 16
Within
classes
n -  K = 38 S.S.W 
= 2750.83
M.S.W
= S S.W/K -  1 
72.39 ______ a___
This is done to see whether the general relationship between them is linear or noi 
before finding r% the Pearson's Correlation coefficient as a measure of this relationship
r Y « -  00393601 X ♦ 3-66164
Figure 3(a). Scatter diagrams between (0^-0,) and Figure 3(b). Scatter diagrams between ( 0rv-0r) an^
TS with surface convergence dry TS with surface convergence.
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Incidentally, a low value of r does not however rule out the possibility that the variables are 
related in some other manner [7].
Scatter diagrams 3a, 3h and 3e ensure that the surface parameter (0t.-fy) and 
number of TS are not linearly related.
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Fl(S,ire 3(c). Scatter diagrams between ( r 0f) ami Figure 3(d). Scatter diagrams between ( -0,) and
IS with ram and insignificant surfuce conveigencc dry TS and insignificant surface convergence.
2040 j-
Figurc 3(e). Scatter diagrams between and TS w,lh
rain and downdraft.
Only the scatter diagram (3c) clearly indicates that the value of surface (9„-9,) 
and the number of TS have strong negative correlation (r = -0.9). The rcgession line 
Y = -0.621423 X + 13.1882 is best fit and the result has been found lo be statistically 
5% significant Le. holds for 95% cases. This statistically significant result also indicates 
that in absence of sufficient surface convergence, the parameter (9, -6,) must play a 
dominant role for the occurrence of TS. The scatter diagram (3d) shows that the variables 
are not at all correlated.
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3 . C o n clu sio n
The occurrence of TS depends on many factors at the surface* besides the upper air 
situation and the analysis deserves a multivariate distribution. Only 6 cases are noted during 
the ten years period in which dry TS occurred when there was divergence at the surface at 
Dhaka. Due to very small data size, these are rejected for statistical reasons.
The criteria 4.05 < mean (0es-Qe) £ 28.46 can be regarded as a necessary physical 
condition for the occurrence of instantaneous TS at Dhaka during pre-monsoon season, 
though it is not sufficient.
The most interesting feature of the above analysis is that* for TS with rain and 
insignificant surface convergence, the mean value of surface (0„-0e) is linearly and 
negatively correlated with the number of TS. The regression equation which has been 
considered as the best fit can be regarded as a prediction equation for the number of TS loi 
a particular mean value of surface parameter (0e,-0*) analysed over ten years for the 
months of March through May, spanning over the period of 1983 to 1992 and (found to he 
valid in 95% cases. \
Two important languages FORTRAN 77 and QBASIC have been used for the 
computation of surface convergence/divergence and surface value of mean (0o -0,) 18-9]
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